The activity of the sigma subunit of the RNA polymerase of Bacillus subtilis decreases markedly during the first 2 hr of sporulation. Moreover, sigma activity remains deficient throughout the Early during bacterial sporulation, RNA polymerase of Bacillus subtilis undergoes a change in template specificity.
#' subunit. Core RNA polymerase purified from dormant spores has a subunit structure indistinguishable from vegetative core enzyme.
RNA polymerase purified by antibody precipitation from an extract of a mixture of sporulating and excess vegetative cells separately labeled with two different radioisotopes contains i' subunit and no 110,000-dalton polypeptide. However, RNA polymerase purified from sporulating bacteria in the absence of excess vegetative cells progressively loses the S' subunit at each stage of purification even in the presence of the protease inhibitor, phenylmethyl sulfonyl fluoride. These findings suggest that the alteration of the A3' subunit is due to proteolysis in vitro.
Early during bacterial sporulation, RNA polymerase of Bacillus subtilis undergoes a change in template specificity.
RNA polymerase purified from vegetative cells transcribes both phage ye DNA and poly(dA-dT) in vitro, while enzyme from sporulating B. subtilis actively transcribes only the synthetic template (1) . Vegetative RNA polymerase holoenzyme consists of f' and # subunits of about 150,000 daltons, two a subunits of 42,000 daltons, and a sigma subunit of 55,000 daltons (2) . Phosphocellulose chromatography dissociates the sigma factor, a subunit necessary for transcription of ye DNA, from the core of polymerase (#'fla2) that actively transcribes poly(dA-dT). On the other hand, RNA polymerase core enzyme purified from cells harvested during the sixth hour of sporulation is missing a # subunit and contains a polypeptide of 110,000 daltons (2) . Moreover, this enzyme from sporulating cells neither binds vegetative sigma factor (3) nor responds to sigma in vitro (2) . This finding suggested a possible mechanism for the change in template specificity of polymerase. Alteration of the core of RNA polymerase would prevent functioning of the sigma factor and thereby cause the loss of vegetative template specificity early during sporulation.
To test this idea, we purified RNA polymerase at various stages of growth and sporulation. We report that the change in template specificity occurs during the first hour after the end 1865 of logarithmic growth, but that alteration of the core of polymerase does not commence until the second hour of sporulation. Brevet (in preparation) has independently made the same observation. Thus, the known alteration of core enzyme occurs too late to account for the loss of sigma activity. Furthermore, we find, by purifying RNA polymerase from a mixture of vegetative and sporulating bacteria separately labeled with two different radioisotopes, that the alteration of the # subunit may be accounted for by proteolytic cleavage in vitro during purification and that sporulating cells and spores contain polymerase with # subunits of molecular weight identical to that of vegetative polymerase. Possible mechanisms for the loss of sigma factor activity early during sporulation are discussed. (4) . For radioactive labeling of cells, the radioactive precursor was added during early logarithmic growth.
METHODS
The end of logarithmic growth is the start of the sporulation process and is defined as To. Refractile prespores began to appear after 5-6 hr, i.e., T5 and T6, and dormant spores were released at about T10-TI2. The total extent of sporulation after 24 hr was about 95%.
Buffers were derived from those described by Burgess (5). Phenylmethyl sulfonyl fluoride (6 mg/ml, 95% ethanol solution) was added to all buffers where noted, in the amount of 1 ml/30 ml of buffer.
Antisera Preparation and Precipitation. Pure core RNA polymerase from vegetative B. subtilis was prepared by phase extraction, agarose column chromatography, diethyl amino ethyl (DEAE)-Sephadex column chromatography, and phosphocellulose column chromatography as described (6) . The purified polymerase (0.6 mg in 0.25 ml of buffer C) was mixed with 0.25 ml of Freund's complete adjuvant and injected into the hind foot pad of a medium weight rabbit. Two further injections of 0. (T) . Assays contained 6 uig of he DNA, the indicated amounts of purified sigma factor prepared as described by Shorenstein and Losick (6) , and either 1 dig of vegetative coe polymerase (@p--*) or 0.4 g of sporulation core polymerase (df-r-*).
extracts and preparation of the precipitate for Na dodecyl sulfate-gel electrophoresis was described (7) .
Preparation of Cell Extracts. To minimize proteolysis, cells were rapidly harvested by centrifugation at 15,000 X g for 30 sec at 0°and washed with 121 salts medium containing phenylmethyl sulfonyl fluoride to remove extracellular proteases secreted during sporulation. The cells were then rapidly frozen over a dry ice-acetone bath.
All manipulations were at 00 and fresh phenylmethyl sulfonyl fluoride solution was added to all buffers at the concentration described above. Each gram of cells was mixed with 6 ml of buffer G, including 0.3 ml of phenylmethyl sulfonyl fluoride, 8 ml of 120-/Am glass beads, 1 drop of tri-nbutylcitrate, and disrupted for 3-4 min in a Braun cell homogenizer. The temperature during the cell disruption was between -2°and +20. The liquid was decanted and the beads were washed on a Buchner funnel with several milliliters of buffer G; the filtrate and decanted liquid were combined and centrifuged at 100,000 X g for 90 min. The resulting supernatant was adjusted to 55% saturation with solid ammonium sulfate, and after it was stirred for 30 min the solution was centrifuged at 100,000 X g for 30 min at 00. The precipitate was suspended in buffer C containing 20% glycerol and 0.05 M KCl and centrifuged an additional 30 min at 100,000 X g to remove unsuspended material. The ammonium sulfate precipitation was repeated, and the final precipitate was suspended in 0.4 ml of buffer C per gram of cells. The solution was clarified by centrifugation for 30 min at 12,000 X g. This supernatant was used for antibody precipitations.
Na Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis. The gels used were 5% acrylamide; solutions were as described by Weber and Osborn (8) . The technique used for gel slicing and solubilization was as described (7) . For high resolution gel electrophoresis, the procedure of Laemmli (9) was followed except that the lower gel solution was allowed to polymerize against the flat surface of a glass rod inserted into the top of the gel tube. This modification resulted in gels with sharp, flat polypeptide bands upon electrophoresis.
RESULTS
Temporal sequence of changes in specificity and structure of RNA polymerase purified during sporulation To determine whether the previously identified alteration of the core of RNA polymerase (2) (Fig. 2) . Moreover, while core polymerase purified from cells harvested through the second hour of sporulation responds to sigma factor in vitro, addition of sigma factor does not restore Ye DNA transcription to enzyme purified between T3 and T8 (Fig. 1) . Thus, the failure of polymerase to respond to sigma factor occurs after loss of sigma activity.
Finally, the phosphocellulose core enzymes were analyzed by Na dodecyl sulfate stacking gel electrophoresis. Figs. 1 and  3 show that RNA polymerase starts to become deficient in the larger # subunit, f', when purified from cells harvested at T2. radioisotope. The excess vegetative cells diluted possible protease activity. RNA polymerase was then precipitated from the ammonium sulfate fraction of the mixture with antibody prepared against vegetative core polymerase. Antibody precipitation permitted rapid isolation of polymerase at this early stage of purification. The 13' and subunits of the precipitated polymerase were then separated by electrophoresis on Na dodecyl sulfate stacking gels. After they were stained, 13' and subunits were sliced from the gel, and the radioactivity in each was determined. Table 1 presents the ratio of radioactivity in 13' and subunits for sporulating cells (14C) and the vegetative carrier cells (3H). For correction of small slicing errors, the 13'/13 ratio of the sporulation polymerase was divided by the 13'/13 ratio of polymerase from the vegetative carrier cells (an internal control)
to give a' corrected ratio of 1.06 ( (Table 1) . Thus, purification of sporulation polymerase by antibody precipitation in the presence of excess vegetative cells prevented the loss of 13' factor. These findings suggested then that 13' factor is normally lost during purification of polymerase from sporulating cells unless special precautions are taken. To confirm this idea, we purified RNA polymerase from radioactive sporulating cells in the absence of vegetative carrier. The cells were labeled with radioactive sulfate, and at each stage of the purification polymerase was precipitated with antibody. As controls, polymerase was first precipitated from extracts of Na2'5SO4-labeled cells harvested at various times during vegetative growth and sporulation and disrupted in the presence of an excess of vegetative carrier. In all cases the 13'/13 ratio was about 0.56 (Table 2 ). Apparently, [uS] sulfate is preferentially incorporated into an amino acid (presumably cysteine) that is about twice as abundant in 13 as in 13 ' (see legend to Table  2 ). A ratio of 0.56'for the radioactivity from [15S]sulfate in 13' and 13, therefore, indicated a molar 13'/13 ratio of 1.0. Next, RNA polymerase was purified from Na25SO4-labeled sporulating cells in the absence of vegetative carrier. Table 2 shows that the ratio of radioactivity in the 13' and 13 subunits of RNA polymerase precipitated after the ammonium sulfate stage of purification was 0.48; dividing by 0.56 gives a molar ratio of 0.87. After DEAE-cellulose column chromatography, the molar ratio had decreased to 0.45 and, finally, after phosphocellulose chromatography the molar ratio was 0.37.
Purification of sporulation RNA polymerase in the presence of an excess of vegetative cells prevented not only the loss of 13' subunit (Table 1 ) but also the appearance of the 110,000-dalton polypeptide (not shown). To test for the appearance of the 110,000-dalton species during purification of polymerase in the absence of vegetative carrier, we subjected antibody precipitates from each stage of purification in the experiment of Table 2 to Na dodecyl sulfate-gel electrophoresis. An antibody precipitate of polymerase after the ammonium sulfate stage of purification did not contain the 110,000-dalton polypeptide. This species was present, however, after the DEAEcellulose and phosphocellulose stages of purification, although in less than stoichiometric amounts. The polymerase purified by DEAE-cellulose, for instance, had a 13'/Ig molar ratio of 0.45 (Table 2 ), yet the molar ratio of the 110,000-dalton species to 13 was only 0.25.
The 110,000-dalton polypeptide can also be generated in vitro from vegetative RNA polymerase (Fig. 4) Reysset and Millet (12) have described an intracellular serine protease of B. subtilis that is calcium dependent. This enzyme first appears during the second hour of sporulation, and an analogous protease from B. megaterium cleaves one of the subunits of polymerase in vitro (13) . These findings suggest that this enzyme could be responsible for the alteration of polymerase during purification.
Since alteration of the core of RNA polymerase is not responsible for the loss of sigma activity associated with RNA polymerase, sigma factor may either be destroyed or inactivated early during sporulation or simply removed from the RNA polymerase. Brevet (in preparation) has evidence that there is a decrease in the amount of functional sigma factor in extracts of early sporulating cells. By use of antiserum prepared against puAfied sigma subunit, it should be possible to distinguish among these alternatives by directly testing for the disappearance of sigma polypeptide, itself, during the first hours of spore information.
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